Introduction
============

Occupational disease is caused by constant exposure of workers to harmful occupational physical, chemical, biological, ergonomic and psychological factors ([@B1]).

Production and transportation of cement could act as important sources of air pollution ([@B2]). Transportation of cement by workers has some adverse health effect on the workers. Portland cement has been commonly used worldwide despite its adverse health effects on the workers. Workers in the cement industry including cement carriers and transporter are exposed to cement dust ([@B3]).

Exposure of inhaling particulate materials that may lead to adverse respiratory effects ([@B3],[@B4]). Skin disease, lung function deterioration, sputum, coughing, wheezing and increased incidence of chronic obstructive pulmonary diseases have been reported to be associated with exposure to cement dust ([@B3], [@B5]--[@B7]). In addition to smoking, several other risk factors are involved in development of lung cancer as well as another type of cancer ([@B3], [@B4], [@B8]).

Occupational exposure to pollutants is considered as a risk factor in 13%--29% of patients. Several important occupational carcinogenic agents including arsenic, asbestos, beryllium, cadmium, chromium, nickel, silica and particulate matter (in high concentrations) and volatile organic compounds (VOCs) have been identified so far ([@B9],[@B10]).

Community based studies have showed increased relative risks for respiratory symptoms consistent with chronic obstructive pulmonary disease (COPD) as well as for excess annual declines in Forced Expiratory Volume in one second (FEV1) associated with occupational exposure to dust or gases and other pollutants ([@B4]).

Among harmful agents in workplace, those that cause respiratory tract problems are the most common cause of occupational diseases. In occupational respiratory diseases, spirometric pulmonary function tests can detect lung dysfunction before the onset of clinical symptoms and describes the effect of restriction or obstruction on the lung function ([@B11],[@B12]). It is also used for screening workers with exposures to agents and pollutants associated with pulmonary diseases. Lung function is influenced by factors such as sex, age, weight, smoking, duration of employment, environment and ethnicity ([@B4], [@B13]). Lung function test provides a clearer understanding of pulmonary function in subjects of different occupation and profession ([@B4]). The American Thoracic Society (ATS) recommends that procedural source of variation in lung function be minimized ([@B11]).

Several studies have evaluated the effects of cement dust exposure on development of lung diseases ([@B8], [@B14],[@B15]). In a similar study on respiratory symptoms and pulmonary function tests observed among construction and sanitary workers of Thoothukudi. Overall, 249 workers turned up. After considering the exclusion criteria, 101 construction workers and 56 sanitary workers in the study group were compared with 92 controls in terms of their respiratory status. Respiratory complaints were significantly higher in the study group compared to controls. Frequencies of abnormal spirometric findings were significantly higher in the study group. Occupational exposure to cement, road dust and unwanted wastes created severe harm to the worker's respiratory system ([@B4]).

Another research conducted on dust exposure and respiratory health effect in cement production. A respiratory symptoms questionnaire was completed and pulmonary function tests were carried out on 94 exposed and 54 non exposed workers at a cement factory in the east of Iran. In this study cough, sputum, wheezing and dyspnea were more prevalent among exposed subjects. Exposed workers compared to the unexposed group showed significant reduction in Forced Expiratory Volume in one second (FEV1), Forced Vital Capacity (FVC), and Forced Expiratory Flow between 25% and 75% of the FVC (FEF25--75%) (P\<0.05). There was direct association between cement dust exposure and functional impairment among the cement factory workers ([@B16]).

Iran-Turkmenistan border located in the northeast of Iran is a target point for transit of various goods and materials such as cement to neighboring countries. Workers are usually responsible for moving around cement and similar materials at the border. Moreover, they have not undergone medical screening or testing. Therefore, this study aimed to evaluate the respiratory and pulmonary function of cement transport workers at Incheh Borun border in the northeast of Iran.

Materials and Methods
=====================

This descriptive-analytical cross-sectional study was conducted in 2016, on 358 male cement transport workers at the Incheh Borun border, located in the northeast of Iran. All subjects were evaluated for respiratory symptoms via pulmonary function testing. Data were collected by ATS standard questionnaire ([@B17],[@B18]) and physical examination. Spirometric parameters including forced vital capacity (FVC), forced expiratory volume in one second (FEV1), FEV1/FVC ratio and peak expiratory flow rate (PEFR) were also measured.

The study was approved by the Ethics Committee of the Golestan University of Medical Sciences (IRCT code: IR.goums.REC.1394.20). Written informed consent was obtained from all participants before the study.

The questionnaire included questions regarding demographic information, employment history, smoking habits and respiratory problems such as cough, sputum, dyspnea and chronic bronchitis (productive cough three months per year for two consecutive years), and throat, nose and eye irritation or burning.Pulmonary function tests were carried out by a trained technician using a calibrated spirometry apparatus (Spirolab 2), between 8 and 12 a.m. before the workers start work. At least three respiratory maneuvers were taken, and the best results were evaluated according to the ATS criteria ([@B18]).

Statistical analysis
--------------------

Data were analyzed by SPSS (ver. 18, Chicago, IL, USA). Quantitative and qualitative variables were measured. Chi-square and Mann Whitney tests were used to determining the association between two qualitative variables. Independent sample t-test was used to evaluate differences between the quantitative variables in exposed and non-exposed subjects. *P*-values less than 0.05 were considered statistically significant.

Results
=======

Demographic and occupational characteristics of the subjects were presented in [Table 1](#T1){ref-type="table"}.

###### 

Demographic and occupational characteristics of the subjects

  ***Characteristics***           ***Mean***   ***Stamdard Deviation (SD)***   ***Minimum***   ***Maximum***
  ------------------------------- ------------ ------------------------------- --------------- ---------------
  Age (year)                      34.8         12.87                           16              79
  Height (cm)                     175          6.6                             150             205
  Weight (Kg)                     74.6         12.48                           44              120
  Duration of employment (year)   6.1          4.36                            1               18
  BMI                             24.3         3.8                             16.14           43.34

Mean of age was 34.8 ± 12.87 yr (age range 16--79 yr) working at the Incheh Borun border, Iran. Information and work habits of cement transporters working at the Incheh Borun border were presented in [Table 2](#T2){ref-type="table"}.

###### 

Information and work habits of cement transporters working at the Incheh Borun border

  ***Variable***                            ***Status***   ***Number***   ***Percent***
  ----------------------------------------- -------------- -------------- ---------------
  Marital status                            Married        276            77.1
  Single                                    82             22.9           
  Level of Education                        Illiterate     125            34.9
  Primary                                   145            40.5           
  Diploma and higher                        80             22.3           
  Graduate                                  8              2.2            
  Use of personal protective equipment      Yes            23             6.4
  No                                        335            93.6           
  Smoking                                   Yes            56             15.6
  No                                        302            84.4           
  The number of cigarettes smoked per day   0              302            84.4
  \<3                                       29             8.1            
  ≥3                                        27             7.5            

The mean duration of employment was 6.1±4.36 yr. Most workers (75.4%) were either illiterate or had elementary education. In addition, 302 (84.4%) subjects were non-smoker and 56 (15.6%) were smoker.

The result of pulmonary function testing is shown in [Table 3](#T3){ref-type="table"}. Of 358 subjects, three individuals (0.3%) had obstructive pattern on spirometry. Symptoms such as sputum, cough, wheezing and shortness of breath were found in 25%, 17%, 14.5% and 6.7% of workers, respectively.

The relationship between mean of age and respiratory problems were presented in [Table 4](#T4){ref-type="table"}. There was a statistically significant relationship between age and frequency of respiratory problems.

###### 

Results of pulmonary function test in subjects

  ***Parameter***   ***Mean***   ***SD***   ***Minimum***   ***Maximum***
  ----------------- ------------ ---------- --------------- ---------------
  FVC               83.0894      17.99993   153.00          27.00
  FEV1              91.2067      17.43870   148.00          32.00
  PEF               77.7374      16.93300   135.00          24.00
  FEV1/FVC ratio    110.79       91.37      134             69

###### 

The relationship between mean of age and respiratory problems

  ***Respiratory problems***                            ***Mean ± SD***   ***P-value\****
  ----------------------------------------------------- ----------------- -----------------
  Shortness of Breath                                   40.58±2.73        0.015
  Shortness of breath while walking on a flat surface   41.31±2.94        0.012
  Shortness of breath after stopping                    41.8±3.04         0.009
  Feeling of tightening in the chest and wheezing       39.19±1.9         0.007
  Continuous wheezing                                   38.58±2.04        0.038
  Wheezing during walking                               38.47±1.9         0.038
  Wheezing during running                               38.94±15.09       0.035
  Wheezing during sleep                                 38.46±14.05       0.038
  Wheezing throughout the day                           38.46±14.05       0.037
  Feel Wheezing during walking                          8.15±5.43         0.004
  Feel Wheezing during running                          8.17±5.44         0.004
  Feel Wheezing during sleep                            8.26±5.44         0.003
  Feel Wheezing throughout the day                      8.26±5.44         0.002

Mann-Whitney test

Respiratory problems were more prevalent in older workers. The relationship between demographic information and respiratory problems were presented in [Table 5](#T5){ref-type="table"}. There were statistically significant relationships between the duration of employment, level of education and most respiratory problems.

###### 

The relationship between demographic information and respiratory problems

  ***Respiratory problems***                            ***Level of Education***   ***Use of personal protective equipment***   ***Age(yr)***   ***Duration of employment***   ***BMI***
  ----------------------------------------------------- -------------------------- -------------------------------------------- --------------- ------------------------------ -----------
  Cough                                                 *P*\<0.001                 *P*=0.59                                     *P*=0.144       *P*=0.049                      *P*=0.19
  Cough When waking                                     *P*\<0.029                 *P*=0.78                                     *P*=0.85        *P*=0.048                      *P*=0.46
  Coughing for more than three consecutive months       *P*\<0.001                 *P*=0.67                                     *P*=0.62        *P*=0.011                      *P*=0.3
  Sputum                                                *P*\<0.004                 *P*=0.4                                      *P*= 0.7        *P*=0.024                      *P*=0.002
  Sputum during sleep                                   *P*\<0.004                 *P*=0.14                                     *P*=0.17        *P*=0.01                       *P*=0.37
  Sputum for more than three months                     *P*\<0.001                 *P*=0.57                                     *P*=0.96        *P*=0.004                      *P*=0.013
  Sputum amd coughing attack                            *P*\<0.001                 *P*=0.074                                    *P*=0.3         *P*=0.029                      *P*=0.23
  Shortness of breath                                   *P*\<0.01                  *P*=0.69                                     *P*=0.015       *P*=0.06                       *P*=0.64
  Shortness of breath while walking on a flat surface   *P*\<0.014                 *P*=0.59                                     *P*=0.012       *P*=0.016                      *P*=0.62
  Shortness of breath after walking                     *P*\<0.007                 *P*=0.55                                     *P*=0.009       *P*=0.005                      *P*=0.37
  Wheezing during the day                               *P*\<0.001                 *P*=0.83                                     *P*=0.08        *P*=0.018                      *P*=0.19
  Wheezing during the week                              *P*\<0.001                 *P*=0.89                                     *P*=0.039       *P*=0.005                      *P*=0.21
  Wheezing in the chest                                 *P*\<0.001                 *P*=0.84                                     *P*=0.007       *P*=0.008                      *P*=0.28
  Continuous wheezing                                   *P*\<0.001                 *P*=0.95                                     *P*=0.038       *P*=0.001                      *P*=0.2
  Wheezing during walking                               *P*\<0.001                 *P*=0.86                                     *P*=0.038       *P*=0.004                      *P*=0.16
  Wheezing during running                               *P*\<0.001                 *P*=0.86                                     *P*=0.035       *P*=0.004                      *P*=0.17
  Wheezing during sleep                                 *P*\<0.001                 *P*=0.92                                     *P*=0.038       *P*=0.003                      *P*=0.2
  Wheezing throughout the day                           *P*\<0.001                 *P*=0.92                                     *P*=0.037       *P*=0.002                      *P*=0.2
  Smoking                                               *P*\<0.034                 *P*=0.34                                     *P*=0.6         *P*=0.076                      *P*=0.85

The relationship between variables and pulmonary function test parameters were presented in [Table 6](#T6){ref-type="table"}. There was a statistically significant relationship between pulmonary function test variables (except for FEV1) and the level of education.

###### 

The relationship between variables and pulmonary function test parameters

  ***Spirometric parameters***   ***Use of personal protective equipment***   ***marital status***   ***Level of Education***   ***BMI***
  ------------------------------ -------------------------------------------- ---------------------- -------------------------- -----------
  FVC                            *P*= 0.042                                   *P*= 0.011             *P*= 0.05                  *P*= 0.96
  FEV1                           *P*= 0.08                                    *P*= 0.08              *P*= 0.36                  *P*= 0.84
  PEF                            *P*= 0.97                                    *P*= 0.001             *P*= 0.001                 *P*= 0.21
  FEV1/FVC ratio                 *P*= 0.006                                   *P*= 0.002             *P*= 0.001                 *P*= 0.98

Discussion
==========

In this study, we evaluated the prevalence of respiratory problems in workers at the Incheh Borun border. There was a significant positive correlation between age and respiratory problems such as shortness of breath and wheezing. Moreover, older age was associated with higher frequency of respiratory problems. These results are in agreement with another result ([@B19]). Age was reported as an important lung function predictor both before and after reversibility testing and had a significant effect on bronchodilator response of FEV1 and FEV1/FVC ratio ([@B19]).

The result of Mann-Whitney test showed a significant relationship between duration of employment and incidence of respiratory problems such as shortness of breath, cough, sputum and wheezing. The duration of employment in the subjects of our study was between 1 and 18 yr. These results are consistent with another study of ([@B20]).

In this study, the prevalence of obstructive respiratory disease was significantly (*P*=0.034) higher in the exposed group ([@B20]). In another research was conducted among transit and non-transit workers in Nigeria. In this study significant factor associated with higher odds for pulmonary function impairment among transit workers was the duration on job. Transit workers with more than 5 yr on the job had higher odds for incident pulmonary function impairment. This could probably be due to the accumulated effect of air pollutants and other confounding factors ([@B21]).

The results also indicated a significant correlation between level of education and frequency of respiratory problems including shortness of breath, cough, and sputum and wheezing. Most workers (75.4%) were either illiterate or had elementary education. Thus, the majority of workers did not have adequate knowledge regarding occupational health and safety guidelines.

Furthermore, there was a significant relationship between sputum, sputum for more than three months and BMI of workers in a way that subjects with higher BMI values had higher volume of sputum (*P*\<0.05). Our results were in agreement with the data obtained for relationship between asthma severity and obesity that the results showed a linear relationship between asthma severity and BMI. The prevalence of obesity in the 13 patients on long-term oral corticosteroids was 100%. Prevalence of obesity increases with increasing asthma severity in adults ([@B22]).

Furthermore, there was a significant relationship between usage of personal protective equipment (PPE), FVC and FEV1/FVC ratio (*P*\<0.05). Our results were in agreement with the data obtained for occupational exposure to respirable suspended particulate matter and lung functions deterioration of steel workers: an exploratory study in India. The majority of the workers were not wearing proper PPEs like masks due to ergonomically bad design. Therefore, the workers were under higher risk of lungs functions deterioration ([@B23]).

Occupational and environmental exposure to dust particles and their effects on health is an important problem, especially in developing countries because of the lack of medical education and facilities. In addition, the systematic record-keeping and the difficulty in obtaining measurements at worksites are major hindrances that have made epidemiological research difficult in these countries ([@B24]).

Based on the findings of our study, it is necessary to educate workers in similar work environments to change their lifestyle and comply with the occupational health and safety guidelines.

Conclusion
==========

The cement transport workers at the Incheh Borun border are not under any type of insurance. Most of the workers are illiterate or have elementary education. Therefore, it is necessary to educate workers in similar work environments to change their lifestyle and comply with occupational health and safety guidelines. Periodic checkups and health screenings are recommended to prevent development of occupational diseases in workers at risk.
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